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In the past decade, the intense effort, to develop new insecticides 
has led to the synthesis of a vast number of toxic materials. Probably 
the greatest effort has been concentrated on the development of the organo­
phosphorus compounds. The organophosphorus insecticides are of 2 general 
types. The first type, the phosphates and phosphorothiolates, is directly 
toxic. The second type, including the phosphorothionates and phosphoro-
dithioates, requires a biological transformation or activation by the 
animal to produce the toxic agent. The insecticides used in this study are 
methyl parathion, a phosphorothionate, and Guthion, a phosphorodithioate. 
Collectively these 2 insecticides are termed thionophosphates. 
The development of the organophosphorus insecticides has necessitated 
the study of the metabolism of these compounds in both vertebrates and 
insects. It has been established that in vertebrates the liver is the 
principle site of metabolism of these compounds. More recent work has 
shown that certain cytoplasmic components of the liver cells, the microsomes, 
are responsible for this metabolism. The microsomes contain enzyme systems 
which catalyze the oxidative metabolism of many foreign compounds over a 
variety of metabolic pathways. It has been found, that the microsomes cata­
lyze the oxidative metabolism of the comparatively inactive thionophos­
phates into potent cholinesterase inhibitors. Characteristic of these 
microsomal enzyme systems is their requirement JLn vitro for a reduced nico­
tinamide nucleotide and oxygen. 
It has been attempted in these in vitro studies to reproduce a phase 
of thionophosphate metabolism that would correspond to that in the intact 
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animal. The purpose of this work was to make a comparative study of the 
capacity of liver microsomal preparations from various animal species to 
activate methyl parathion and Guthion. To discern the role of degradation 
in the overall activation picture, the degradation of their respective P=0 
oxygen analogues (the metabolites) was also studied. Literature reports of 
the large sex difference in rats in the metabolism of foreign compounds 
made it of interest to examine the activation and degradation of these com­
pounds between the sexes of the same species. How variations in activation 
and degradation may be related to variations in susceptibility to these 
insecticides by animals were discussed where toxicity data was available. 
The activation of methyl parathion and Guthion and the degradation of 
their P=0 analogues were studied using microsomal preparations from rats, 
mice, guinea pigs, ducks, chickens, hogs, sheep, and cattle. The extent of 
activation and degradation of these compounds was estimated by manometric 
assay of the inhibition of fly head cholinesterase. 
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REVIEW OF LITERATURE 
Organophosphorus Insecticides 
The organophosphorus insecticides are a group of chemicals whose 
development is largely due to the pioneer work of the German chemist 
Gerhard Schrader which began in 1934. Geary (1953) gives a historical 
review of the work of Schrader. Since the publication of Schrader1s work 
(Schrader 1947 ; Martin and Shaw 1947), thousands of phosphorus compounds 
have been evaluated for use as insecticides. The majority of these have 
been derivatives of phosphoric acid. These derivatives have consisted of 
esters, amides, anhydrides, and ha1ides of phosphoric, phosphorothioic, 
and phosphorodithioic acids. The impact of the development of these com­
pounds upon basic and applied science is discussed by Me teaIf (1959). 
The basic structure of a typical organophosphorus insecticide is shown 
by the figure below where X is a group that is readily displaced by a 
y) (s) 
E/\ 
nucleophilic agent and R is either a methyl, ethyl, or isopropyl group 
(Fukuto 1961). Increasing the alkyl side chain beyond isopropyl results in 
a compound void of insecticidal activity (MeteaIf and March 1949). There­
fore , in the quest for new insecticides, the X substituent is varied. 
A detailed treatise of the subject of organophosphorus insecticides 
is found in a chapter of MeteaIf (1955). The chemistry and mode of action 
of these compounds have been reviewed in several articles (Casida 1956; 
Fukuto 1957 and 1961; MeteaIf 1955 and 1959; Spencer and O'Brien 1957). 
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Kenaga (1960) lists the commercial and experimental phosphate insecticides, 
their scientific, common, and trade names, code designations and uses. 
The book by O'Brien (1960) is an excellent monograph on the metabolism, 
chemistry, and biological effects of these compounds. 
Cholinesterase 
It has been well established that the toxic action of the organophos­
phorus insecticides is closely related to their inhibition of cholinester-
ases (ChE) and the resultant interference with the normal mechanism of 
nerve pulse transmission (Metealf 1955; Spencer and O'Brien 1957; Fukuto 
1957). The normal function of the ChE is to catalyze the hydrolysis of 
choline esters. A typical reaction is the hydrolysis of acetylcholine 
(ACh) by acetylcholinesterase (AChE). ACh is believed to be the trans­
mitting agent of nerve impulses to the effector cells at the neuromuscular 
junction (Augustinsson 1950) and its role in nerve action has been reviewed 
in several articles (Augustinsson 1950; Nachmansohn 1950; Feldberg 1945). 
The importance of the ChE system, in relation to organophosphorus insecti­
cides, is reviewed by Spencer and O'Brien (1957). A thorough study of 
AChE and the mechanism of enzyme hydrolysis was done by Wilson (1954). A 
good presentation of the nomenclature of esterases and the structure and 
biological significance of ChE can be found in O'Brien (1960). The exten­
sive literature on ChE has been periodically reviewed (Augustinsson 1948 
and 1950; Whittaker 1951; Nachmansohn and Wilson 1951; Bergmann 1958 ; Davies 
and Green 1958). 
Cholinesterase Inhibition 
The inhibitors of ChE may be divided into two groups ; the reversible 
5 
or competitive inhibitors and the irreversible or non-competitive inhibi­
tors. The organophosphorus insecticides are irreversible inhibitors. 
ChE inhibited by a reversible inhibitor, such as a carbamate, returns to 
its normal activity within hours whereas ChE inhibited by an organophos-
phate is inactivated for several days (Fukuto 1957). The difference in 
recovery rate is explained by the fact that the inhibitor is not competi­
tively absorbed on the enzyme surface, as in reversible inhibition, but is 
the result ôf an irreversible chemical reaction in which the enzyme is 
phosphorylated (Fukuto 1957). This phosphorylation renders the ChE 
enzymatically inactive. 
Adrian et al. (1947) first reported the anti-ChE activity of organo­
phosphorus compounds while working with diisopropylfluorophosphate (DFP). 
They found that DFP behaved like eserine which had long been known as a 
potent anti-ChE. Diggle and Gage (1951a and b) found that pure parathion 
(a phosphorothionate) had no appreciable effect on ChE but that the anti-
ChE property of impure parathion was due to the presence of the S-ethyl 
isomer. A detailed study of the isomerides of thionophosphate insecticides 
was done by Me teaIf and March (1953a). Phosphorothionates, phosphorodi-
thioates, and phosphoramidates, although potent insecticides, are weak ChE 
inhibitors _in vitro (Fukuto 1957) . 
Activation of Organophosphorus Insecticides — • 
Schematically shown below, the biological transformation of a phos­
phorothionate (I) yields a phosphate (II). The activation of a phosphoro-
dithioate (III) yields a phosphorothiolate (IV) while the product of a 












These products of activation, (II), (IV), and (VI), are potent inhibitors 
of ChE (O'Brien 1960). 
The first suggestion for the in vitro activation of these compounds 
was made by Gardiner and Kilby (1950) when they demonstrated activation of 
schradan, a phosphoramidate, by rabbit liver slices. DuBois e^ al. (1950) 
independently made the same conclusion and found brain, muscle, and kidney 
inactive. They stated that the activation required air, being totally in­
hibited by anaerobic conditions. Cheng (1951), using hepatectomized rats, 
showed that schradan metabolism occurred principally in the liver of 
mammals. Numerous reports of in vitro activation of these insecticides by 
liver slices soon followed (Gardiner and Kilby 1952; Diggle and Gage 1951b 
and c; Metcalf and March 1953b; DuBois et a_l. 1957; Fenwick ej: _al. 1957; 
Arthur and Casida 1958 and 1959). Chromatographic, spectroscopic (Gage 
1953; Metcalf and March 1953a), and enzymic (Myers et aJL. 1952) evidence 
for the formation of the P=0 analogue of parathion (paraoxon) has been ob­
tained. Although evidence is lacking in most cases, it may be taken as a 
general rule (except for compounds with a C-S-C linkage) that activation of 
thionophosphates is accomplished by oxidation to the corresponding phosphate 
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(O'Brien 1960). 
Further studies on the activation system were hindered since homogeni-
zation of the liver destroyed its capacity to activate. Davison (1954) 
first reported the activation of organophosphates by liver homogenates. He 
found that rat liver homogenates fortified with NAD'*', magnesium, and 
nicotinamide could activate schradan and parathion. For parathion conver­
sion, the order of effectiveness for the nicotinamide nucleotides was 
NAD > NADP NADP plus glucose-6-phosphate > no addition while for schradan 
the order was NADP plus glucose-6-phosphate > NAD} NADP no addition. 
Further details of this work were reported later (Davison 1955). Shortly 
after this discovery, it was found that the microsomal fraction of the 
homogenate contained the enzyme system responsible for activation (Davison 
1955; Murphy and DuBois 1957aand 1958 ; O'Brien 1959). Davison (1955) re­
ported that the activity of the fortified homogenate was due almost exclu­
sively to the microsomal and supernatant fractions. It was observed later 
that if NADH^ was used in place of NAD, the supernatant fraction could be 
omitted (O'Brien 1956 and 1957a). In summary, the requirements for the 
microsomal activation of organophosphorus insecticides are oxygen, NADH^ 
or NADPH^, magnesium, and nicotinamide. 
O'Brien (1959) demonstrated the activation of the following thiono­
phosphates with once-washed mouse liver microsomes ; Co-Ral, malathion, 
Guthion, Diazinon, EPN, ronnel, parathion, and the thiono analogue of 
^In accordance with the newly recommended usage (Dixon 1960a and b), 
nicotinamide-adenine dinucleotide (NAD) has been substituted for diphospho-
pyridine nucleotide (DPN) and NADH^ (reduced form of NAD) for DPNH; 
nicotinamide-adenine dinucleotide phosphate (NADP) has been substituted for 
triphosphopyridine nucleotide (TPN) and NADPH^ for TPNH. 
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Tetram. He found the order of effectiveness of nicotinamide nucleotides 
for the activation of parathion to be NADP^ ) NADH^ > NADP y NAD > no addi­
tion. 
Microsomes 
Following the introduction by Claude (1941 and 1946) of suitable 
techniques for the separation of cell components by differential centri-
fugation, he succeeded in isolating a fraction of submicroscopic particles 
from liver homogenates and other tissues which he referred to as "small 
granules" (Claude 1941) and later as "microsomes" (Claude 1943). These 
particles consist of about equal parts of ribonucleic acid and protein and 
are present in the cytoplasm of bacteria, in many mammalian cells, and in 
rapidly growing plant cells (Schachman et _al. 1952; Petermann and Hamilton 
1957; Ts'o et al. 1956). 
Porter (1953) and Palade and Porter (1954), using the electron micro­
scope, made observations of animal cells and demonstrated that, in the 
dimensional range of the microsomes (10-15 mp. diam.) , the cytoplasm con­
tains a network of membrane-bound vesicles and tubules described as the 
endoplasmic reticulum. In the liver, the above-mentioned particles are 
attached to membranes which upon physical disintegration of the cell con­
stitute the microsome fraction (Palade and Siekevitz 1956). Accordingly, 
these attached nucleoprotein particles are commonly designated microsomal 
particles. 
Microsomal Oxidation 
Metabolism of foreign compounds 
Animals must degrade or chemically alter a large variety of compounds 
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to maintain their normal body functions. It is not surprising then that 
many foreign compounds are attacked in the course of metabolism. Detoxi-
cation mechanisms of insecticidal and non-insecticidal compounds have been 
reviewed by Smith (1955) and Williams (1959). The latter author regards 
activation as a step of detoxication preceding the conversion of the 
foreign compound into a form ready for excretion. Williams (1961) dis­
cusses the design of drugs in relation to detoxication mechanisms. 
In the past few years an amazing number of foreign compounds have been 
shown to be oxidized along a variety of metabolic pathways by enzyme sys­
tems in liver microsomes. Brodie et al. (1958a) thoroughly review the 
enzymatic oxidation of drugs and other foreign compounds catalyzed by liver 
microsomes, a reaction which requires NADPH^ and oxygen. These reactions 
are hydroxylation of aromatic rings, oxidation of methyl groups and alkyl 
hydrocarbon side chains, N- and 0- dealkylations, deaminations, oxidation 
of thioethers to sulfoxides, cleavage of ethers, and replacement of sulfur 
for an oxygen atom. These reactions are very similar to those which acti­
vate organophosphate insecticides. 
Gaudette and Brodie (1959) state that the oxidation of numerous drugs 
by liver microsomes is limited to fat-soluble compounds possibly because 
the microsomes are protected by a lipoid barrier Which only fat-soluble 
substances can penetrate. Brodie et £l. (1958a), in an alternate explana­
tion, state that the active sites on the microsomal enzymes may permit 
enzyme-substrate interaction only with non-polar substrates. 
There are other insecticides besides organophosphates which are 
metabolized by microsomal enzyme systems of liver. Nicotine is metabolized 
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by hydroxylation to form a hydroxynlcotine (Hucker 1958; Hucker et al. 
1960). Hodgson and Casida (1960 and 1961) reported the oxidation of N,N-
dialkyl carbamates by rat liver microsomes. They suggested that the pro­
duct was an N-methylol derivative. Agosin et al. (1961) found DDT to be 
metabolized by a microsome system in the German cockroach to a product 
similar to Kelthane (hydroxy derivative of DDT). This system required 
NADPHg, magnesium, oxygen, and nicotinamide. 
Function of oxidative microsomal enzymes 
Traditionally it has been believed that foreign compounds undergo 
metabolism because their structures are similar to those of substrates in 
intermediary metabolism. Conney _et aJL. (1957) hold this belief as do 
Murphy and DuBois (1957a) who believe that the microsome system functions 
in normal cellular metabolism but because of its low substrate specificity 
is able to oxidize foreign compounds. Since oxidation is limited to fat-
soluble compounds the most plausible function is presented by Brodie (1956). 
He believes that the function of these microsomal systems may be to detoxi­
ca te foreign compounds since normally occurring substrates are generally 
not metabolized. 
Microsomal enzymes 
It has been suggested by several workers that more than one liver micro­
somal enzyme may catalyze the same type of reaction (Conney et al. 1959). 
Examples of this are ether cleavage (Axelrod 1956a), N-dealkylation 
(Axelrod 1956b and c; Gaudette and Brodie 1959; Takemori and Mannering 1958), 
and hydroxylation (Cooper and Brodie 1957; Posner et al. 1961). The study 
by Conney et al. (1959) showed that the administration of 3,4-benzpyrene to 
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rats markedly increases the activities of certain liver microsomal enzymes 
which metabolize foreign compounds. 
Szara and Putney (1961) studied the 6-hydroxylation of tryptamine and 
derivatives and reported that rat and rabbit liver microsomes contain a 
very active enzyme which is stable in frozen preparation for more than 2 
months. Axelrod (1955a) stated that their tissue preparations could be 
stored for at least 2 weeks without loss of activity. O'Brien (1956 and 
1957) reported that mouse liver microsomes if frozen rapidly and then 
stored at -18°C. maintained good activity. O'Brien (1959) reported that 
these rapidly frozen microsomes deteriorated slowly, being inactive after 
8 days. 
Mechanisms of microsomal oxidation 
Currently there are 3 hypotheses postulated for the enzymatic mecha­
nism of microsomal oxidation. The first was that of O'Brien (1957) who 
proposed a mechanism for the activation of schradan in liver in which the 
hydrogen peroxide produced by the oxidation of NADH^ oxidized an unknown 
microsomal factor with the aid of catalase. This factor in turn oxidized 
schradan. He states that, although there was no evidence that this occurs 
in vivo, under appropriate conditions each step could be shown _in vitro. 
The second hypothesis was made by Fenwick (1958) when he surmised that the 
mechanism was similar to the type discussed by Mason ert ai. (1955) for the 
phenolase complex. In this scheme, the role of NADPHg was to reduce the 
oxidized metal atom in the me ta11oenzyme which acts as an oxygen trans­
ferring system. The last hypothesis was advanced by Brodie e_t al. (1958a) • 
They stated that the common step in microsomal oxidation was the formation 
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of an intermediate "hydroxy1" donor, which in conjunction with a number of 
non-specific enzymes could transfer a hydroxy1 radical to an appropriate 
acceptor substrate. They speculated that an organic peroxide might be the 
intermediate which reacts with enzyme and drug substrate since a hydrogen 
peroxide generating system could not replace the requirement for NADPEL,. 
A knowledge of the enzymatic mechanisms of microsomal oxidation pro­
cesses would be extremely useful in the design of both drugs and insecti­
cides. The elucidation of the mechanisms involved depends on the future 
stabilization and purification or solubilization of the microsomal enzymes. 
The attempt by O'Brien (1956) to stabilize and purify the schradan 
activating enzyme was unsuccessful. Conney et al. (1957) succeeded in 
solubilizing 25% of the demethylase activity in liver microsomes with the 
aid of deoxycholate. Imai and Sato (1960) made a major breakthrough when 
they achieved almost complete solubilization, by means of a heat-treated 
cobra venom (from Trimeresurus flavoviridis), of the aniline hydroxylating 
activity of rabbit liver microsomes. Soon afterwards, using the same venom, 
Isselbacher (1961) solubilized and purified glucuronyl transferase from 
rabbit liver microsomes. It seems quite likely that the venom technique 
may find wider application and prove to be of value in the solubilization 
of other microsomal enzymes. 
Degradation of Organophosphorus Insecticides 
Probably all organophosphorus insecticides are degraded in the animal 
body and in some cases, e.g. the phosphorodithioate malathion, the degrada­
tion is fairly rapid (O'Brien 1960). Nonenzymic degradation will not be 
reviewed since it is thoroughly covered in a chapter by O'Brien (1960). In 
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enzymatic degradation, the phosphatases are of greatest importance. How­
ever , organophosphates containing carboxyester (COOR) or carboxyamide 
(CONRg) groups are hydrolyzed by mammals at these groups by carboxyester-
ases and carboxyamidases, respectively, and phosphatases are therefore less 
important (O'Brien 1960). 
The phosphatases are a large group of enzymes which hydrolyze a 
variety of phosphate esters. Mazur (1946) first reported the enzymatic de­
gradation of an organophosphate when he found an enzyme in the liver which 
degraded DFP (diisopropylfluorophosphate) that he called "DFP-ase". Most 
of the work on phosphatases has been done on the fluorophosphate warfare 
agents DFP, tabun, and sarin. Mounter et al. (1955) studied the distribu­
tion of dialkylfluorophosphatases in various species and found them to be 
present in all tissues. The liver contained more DFP-ase than the total in 
the remaining organs. 
Aldridge (1953a) examined serum esterases hydrolyzing p-nitrophenyl 
acetate, propionate, and butyrate in 12 mammalian and avian species. He 
found marked differences in the sensitivity of these enzymes to paraoxon. 
He called the serum esterases which are not inhibited by paraoxon "A-ester-
ases" and those which are inhibited "B-esterases". He studied then 
(Aldridge 1953b) the degradation of paraoxon by tissues of the rat and 
rabbit. In the rat the liver was most active but in the rabbit the liver 
was second to the serum in activity. He reported that A-esterases were un­
affected by paraoxon because they hydrolyzed it. 
Carruthers and Baumler (1961) reported that about 80% of the esterase 
activity of mouse liver, homogenized and fractionated in sucrose, was found 
in the microsomes. This distribution was independent of the sucrose con-
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centration. Way et al. (1947) reported that several drugs are hydrolyzed 
(de-esterified) by enzymes in liver microsomes. A system containing 
washed microsomes, NADH^, magnesium, and nicotinamide did not activate the 
thionophosphates acethion, dimethoate, prothion, methprothion, or ketothion 
probably because the microsomes can degrade these compounds hydrolytically 
(O'Brien 1959; O'Brien et al. 1958). Murphy and DuBois (1957a) studied 
the degradation of the oxygen analogues of Guthion (P=0 Guthion) by liver 
homogenates from rats, mice, and guinea pigs. They found that guinea pigs 
destroyed P=0 Guthion most rapidly. These authors concluded that lower 
activation of Guthion coupled with the rapid degradation of P=0 Guthion may 
explain the lower susceptibility of guinea pigs than rats and mice to the 
acute toxic effects of Guthion. Destruction of the metabolite, they found, 
occurred at the same rate under aerobic or anaerobic conditions suggesting 
a hydrolytic reaction was responsible for loss of activity of the compound. 
Murphy and DuBois (1958) found that the metabolite of Guthion activation 
(presumably P=0 Guthion) was readily degraded by microsomal liver phos-
o 
phatases at 37 C. 
Comparative Metabolism of Foreign Compounds 
Evolutionary development 
According to Brodie and Hogben (1957), it may be argued that in the 
process of evolution, animals developed mechanisms which metabolize foreign 
compounds in response to a need to defend themselves from them. It is of 
interest to discuss the possible origin of the microsomal oxidative enzyme 
systems discussed above since, according to Brodie et. al. (1958b), they 
are present in land animals but absent in fish and certain amphibia. 
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Gaudette et al. (1958) have studied the fate of representative drugs, 
metabolized in mammalian liver microsomes, in a variety of lower forms of 
animals. Four species of fish lack the ability to oxidize monomethyl-4-
aminoantipyrine, aminopyrine, methylaniline, antipyrine, hexobarbital, or 
p-ethoxyacetanilide. These compounds were excreted unchanged presumably 
through the gills. Certain types of Amphibia, including frogs and salaman­
ders, also failed to metabolize these compounds but excrete them unchanged 
through the skin. Experiments with liver microsomes of fish and amphibians 
showed that they lack mechanisms for deme thy lation of monomethyl-4-amino-
antipyrine. Reptiles, including alligators and tortoises, were found to 
metabolize the above drug. The liver microsomes of birds (chicken and 
pigeon) , the opossum, and a large variety of other mammals contain a de-
alkylating enzyme system that requires NADPI^ and oxygen. They found that 
toads, unlike frogs, have skins which are not permeable to drugs. They 
metabolized chlorpromazine, aminopyrine, antipyrine, hexobarbital, thio­
pental, amphetamine, and monomethyl-4-aminoantipyrine. The first 3 com­
pounds were found to be metabolized in toad liver homogenates by mechanisms 
different from those in mammals. Related studies have been reported by 
Jondorf ejt al. (1958) and Maickel et al. (1958 and 1959) . 
Jondorf £t _al. (1959a) suggested that the evolution of enzyme systems 
for metabolizing lipid-soluble foreign compounds developed coincidently 
with the evolution of animals from aquatic to terrestrial life. They 
showed that tadpoles of toads do not have the enzymes which appear to be 
formed during metamorphosis into terrestrial adult forms. It can be said 
here that "ontogeny recapitulates phylogeny". It has been observed that 
newborn rabbits (Fouts and Adams on 1959), mice and guinea pigs (Jondorf 
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et al. 1959b) lack the enzymatic mechanisms for metabolizing drugs. They 
report that these mechanisms appear in thé first week of life (second for 
rabbits) and reach an adult level at about 8 weeks (4 weeks for rabbits). 
Jondorf et al. (1959a) suggested that in the transition from fetal to 
neonatal life, the mammal undergoes a transition from aquatic to terrestri­
al environment similar to the evolutionary development of the primitive 
vertebrates. 
Strain, species, and sex-differences 
Strain differences Jay (1955) has reported marked differences (3-
fold variation) in the duration of action of hexobarbital in various strains of 
mice. He did find, though, a remarkable uniformity in the response of 
individuals of the same strain. Weiner et al. (1950), by contrast, reported 
that individuals in a nonhomogeneous species like man can show a 10-fold 
variation in the rate of metabolism of certain drugs. 
Species differences The duration of action of drugs varies greatly 
in animal species. Hexobarbital was metabolized so rapidly by mice that a 
dose of 100 mg./kg. kept an animal asleep for only 12 minutes while 50 mg./ 
kg. maintained anesthesia in dog or man for over 5 hours. At the higher 
dose level rabbits will be anesthetized for 49 and rats for 95 minutes 
(Quinn et al. 1958). Quinn et al. (1954) related this species variation 
to the activity of the liver microsomal enzyme system. They stated that 
the duration of response to hexobarbital is inversely related to the acti­
vity of the inactivating enzyme system in liver microsomes. Expressing 
their data as /ig. hexobarbital inactivated/g. liver/hr., Quinn et al. 
(1958) found that mice had the highest (598) and dogs the lowest (36) 
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activity of various animals. 
Conney £t al. (1957) studied the liver microsomal demethylase activity 
of various male animals. Expressing their data as ug. metabolite formed/ 
30 mg. liver/20 min. the following was obtained: mouse 50; rat 18; hamster 
15; guinea pig 11; rabbit 9; and cat 4. Most species differences are due 
to variations in drug activation or in sensitivity of the receptor site 
(Quinn et al. 1958). 
O'Brien (1956) reported the conversion of schradan by livers from 
various mammals. The 8 species studied were female field mouse, human 
child, and white mouse, male cat, rat, and rabbit, and hog and horse (no 
sex was specified for the last 2). All the species had livers which con­
verted schradan with the rat liver most effective. Next in order were the 
hog, horse, white mouse, and field mouse. The 8-day-old child, cat, and 
especially rabbit were poor activators. There was no mention of whether 
or not this poor activation was due to rapid degradation of the schradan 
or metabolite. 
Fenwick e_t al. (1957) reported on the relative efficiencies of several 
animal species in metabolizing dimefox, a phosphoramidate. They found that 
guinea pigs were about twice and rabbits about 5 times as efficient as male 
rats. Murphy and DuBois (1957a) studied differences in activation of 
Guthion, a phosphorodithioate, by several animal species and found that rats 
were more efficient than either mice or guinea pigs. 
Sex differences Hoick £t al. (1937) found that female rats 
given certain barbiturates sleep considerably longer than do male rats. 
Contrary to rats, they found that mice, cats, guinea pigs, frogs, rabbits, 
and dogs showed no sex difference in the metabolism of hexobarbital. They 
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also noted, using duration of hypnosis as the criterion, that there was no 
sexual difference for sexually immature rats (3-4 weeks old). Adult male 
rats, when castrated early in life, had a hypnotic period very similar to 
the female. This suggests a role of the male sex hormones in this sex 
difference. Quinn et al. (1954) explained this sex difference by reporting 
that the livers of male rats have higher microsomal enzyme activity than 
those of females in oxidizing hexobarbital. Brodie et al. (1958b) report 
that this sex difference between the sexes can be altered by sex hormones. 
Males, pretreated with estradiol for several weeks before administration of 
hexobarbital, sleep just as long as the females ; correspondingly the male 
liver microsomes show a decline in enzyme activity. Conversely, Quinn et 
al. (1954) report that when testosterone was administered to female rats 
for 6 weeks, the duration of sleep following hexobarbital administration 
decreased markedly and the microsomal enzyme activity correspondingly in­
creased. These authors suggested that testosterone may play a role in the 
synthesis of the enzyme system which catalyzes the metabolism of hexobarbi­
tal and perhaps other drugs. Quinn et al. (1958) reported that mice and 
guinea pigs exhibit no sex difference in the rate of hexobarbital metabo­
lism and the administration of sex hormones induced no appreciable change. 
Other workers have shown a sex difference in the metabolism of drugs 
by rat liver microsomes. Male rats are more active in demethylating vari­
ous narcotic analgesics (Axelrod 1956b) and had a 4-fold greater glucuronyl 
transferase activity than did females (Inscoe and Axelrod 1959a and b). 
Male rat liver homogenates metabolized 10 times more cortisone than did 
female liver homogenates (Troop 1958). 
Fenwick et al.. (1957) reported that male rats were 4-fold more effi­
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cient than females in activating dimefox. Murphy and DuBois (1957a) found 
there was a large sex difference in activation of Guthion by rats in com­
parison with other species. They give the following data in units of meta­
bolite formed/5 mg. liver/hr.: male rats 11.2; female rats 4.7; male mice 
3.0; female mice 3.8; male guinea pigs 2.1; and female guinea pigs 2.5. 
Male rat liver was about 2.5 times more active than that of the female. 
For the other animals the female liver was slightly more active. These 
authors could find no sex difference in rats in the rate of destruction of 
P=0 Guthion. However, Murphy and DuBois (1957b) reported that male rats 
detoxified malathion 4 times faster than the female. 
Murphy and DuBois (1958) studied the activation of Guthion by rats in 
relation to age and sex. In rats up to 30 days old, the activity was simi­
lar in males and females but the activity of the male livers exhibited an 
abrupt increase between 30 and 60 days of age. The activity of the female 
liver remained essentially the same during the 60 day period. The low 
enzyme activity of the livers of females and young males could be increased 
by administration of testosterone. The high enzyme activity of adult male 
livers was decreased by castration and by administration of progesterone or 
diethylstilbestrol. The authors concluded that the sex hormones influence 
the synthesis of the activating enzyme. They noted that the increase in 
enzyme activity of male livers coincided with the onset of puberty and sug­
gested that the concentration of the enzyme was controlled in some manner 
by androgens. 
The activation of Guthion by rats is 2.5 times more efficient in males 
than in females which contrasts with parathion (Davison 1955) which is 
activated 10 times better by female livers than by male livers. In the 
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case of parathion, the activating ability corresponds to the toxicity in 
that the females are about 4 times more susceptible than males (Gaines 
1960). This is not true for Guthion, for the females are slightly more 
susceptible (Gaines i960) despite their lesser activating capacity. 
The relationship of sex hormones to the enzymes concerned with the 
microsomal oxidation of drugs and their similar effect on the microsomal 
thionophosphate oxidizing enzymes suggests a possible relationship to the 
metabolism of steroid hormones. In any event, this marked sex difference 
poses an interesting problem in endocrinology. 
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MATERIALS AND METHODS 
Organophosphorus Compounds 
Highly purified samples of methyl parathion (VII) (0,0-dimethy1-0-£-
nitrophenyl phosphorothionate) (M. W. 263.21, m. p. 34-35°C.) and its P=0 
analogue methyl paraoxon (VIII) (0,0- d ime thy 1 ni t r opheny 1 phosphate) 
(M. W. 247.14, b. p. 95-98°C., 90% pure) were obtained from the Shell Develop­
ment Company, Modesto, California. Guthion (IX) (0,0-dimethyl £>-4-oxo-l, 
2,3-benzotriazin-3(4H)-ylmethyl phosphorodithioate) (M. W. 317.33, m. p. 
73-74°C.) and its P=0 analogue P=0 Guthion (X) (0,0-dimethyl j>-4-oxo-l ,2, 
3-benzotriazin-3(4H)-ylmethyl phosphorothiolate) (M. W. 301.26, m. p. 70-
72°C.) were obtained in highly purified form from the Chemagro Corporation, 
Kansas City, Missouri. Tightly capped bottles of these insecticides were 










Standard stock solutions of these insecticides were prepared in absol­
ute ethanol containing 1% (v/v) Triton X-100 (a non-ionic, alkyl aryl poly-
ether alcohol) surfactant obtained from the Rohm and Haas Company, 
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Philadelphia, Pennsylvania. The concentration of these standard solutions 
were 5 x 10 ^ M for methyl parathion and methyl paraoxon and 10 ^M for 
Guthion and P=0 Guthion. Just prior to use, these standard solutions were 
diluted appropriately with glass-distilled water. 
Preparation of Liver Microsomes 
The following animals were used in these studies : chickens (Gallus 
domesticus Linnaeus), white Leghorn breed; Muscovy ducks (Cairina moschata 
Phillips); albino rats (Rattus norvégiens (Berkenhout)) from the Rolfsmeyer 
Farms, Madison, Wisconsin; mice (Mus museulus Linnaeus) of the C57 Bl/6 
strain from the Jackson Memorial Laboratory colony at Bar Harbor, Maine 
and reared in this institution in the Department of Zoology and Entomology; 
guinea pigs (Cavia porcellus Linnaeus), a standard commercial breed from 
a closed colony, obtained from the Pharmatox Laboratories, Ames, Iowa; 
sheep (Ovis aries Linnaeus); cattle (Bos taurus Linnaeus); and hogs (Sus 
scrofa domestica Linnaeus). Portions of livers from the last 3 animals 
were obtained from a commercial slaughterhouse through the assistance of 
the U. S. D. A. Meat Inspection Laboratory, Sioux City, Iowa. These liver 
samples were placed in polyethylene bags, rapidly frozen soon after 
slaughter, labeled, and stored at approximately -20°C. 
Microsomes were prepared in the following manner. The experimental 
animal (when possible) was fasted overnight to remove glycogen from the 
liver. The animal was killed either by decapitation or exsanguination and 
the liver was rapidly excised and placed in a beaker of ice-cold sucrose 
which was surrounded by crushed ice. Ice-cold, isotonic (0.25M) sucrose 
was used throughout these studies. If the liver was frozen, it was thawed 
in sucrose. The liver from a freshly killed animal was swirled in the 
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beaker to remove adhering blood and to facilitate chilling. After chilling, 
the liver was blotted damp-dry on filter paper and weighed. The liver 
sample was finely minced with a razor blade and homogenized in sucrose 
using'a Potter-Elvehjem-type homogenizer. A 1 g. to 4 ml. ratio of liver 
to sucrose was employed in homogenization. The resulting approximately 
20% homogenate was transferred to a Teflon centrifuge tube of about 40 ml. 
capacity and centrifuged at 10,000 x g for 10 minutes to sediment mito­
chondria, nuclei, unbroken cells, and other debris. A Typé SS-3 Servall 
centrifuge with a chilled rotor was used. All gravitational fields were 
calculated from the bottom of the centrifuge tubes. The supernatant liquid 
was carefully decanted and made up to a volume so that 1 g. of whole liver 
was equivalent to 5 ml. of solution (20% solution). The "fluffy layer" 
between the sedimented material and the supernatant fraction was not re­
moved since Novikoff (1953 and 1957) has shown that it consists of both 
mitochondria and microsomes. 
Ten ml. of the supernatant liquid, containing the microsomes and the 
soluble portion of the cell, were transferred to a cellulose tube, the 
tube filled with sucrose and capped. The supernatant fraction was centri­
fuged then at 100,000 x g for 30 minutes at about 4°C. in a Spinco, Model 
L, preperative ultracentrifuge using a pre-chilled No. 40 rotor. The re­
sulting red, gelatinous, microsomal pellet was washed by resuspension in 
sucrose and then centrifuged at 100,000 x g for 30 minutes. The micro­
somal pellet was washed a second time and centrifugally sedimented as de­
scribed above. The supernatant fractions from the 2 washings were dis­
carded. The cellulose tube was tightly stoppered and the microsomal pellet 
rapidly frozen in crushed dry-ice and stored at approximately -20°C. The 
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microsomal pellets were equivalent to 2 g. of fresh liver; this amount was 
sufficient for 2 experiments. Microsomes were thawed and resuspended in 
sucrose as needed. These frozen microsomal pellets were effective in 
activating organophosphates for as long as 1 month after preparation. 
Preparation of Fly Head Cholinesterase 
The ChE source was the heads of mixed sexes of 4-day old house flies 
(Musca domestica Linnaeus) from a laboratory reared, insecticide-suscept­
ible strain. The house flies were inactivated by chilling at about -20°C. 
for 10 minutes. Their heads were separated and homogenized in sucrose 
using a Potter-Elvehjem-type apparatus. The homogenate was placed in a 
chilled Teflon tube and centrifuged at 8,500 x g for 10 minutes in the 
Servall centrifuge described above. The supernatant liquid was decanted, 
filtered through a plug of glass wool, and the plug rinsed with sucrose. 
The supernatant fraction was made up to a volume representing 3 heads/ml. 
Q —— 
of solution and stored at approximately 5 C. without appreciable loss in 
activity for at least 2 weeks. 
Incubation Procedures 
The activation of methyl parathion and Guthion to potent cholinester­
ase inhibitors was accomplished by incubating aqueous dilutions of these 
insecticides with microsomes, phosphate buffer, and cofactors. Degrada­
tion of their P=0 analogues, methyl paraoxon and P=0 Guthion, was effected 
in an identical manner. 
A 1-ml. diluted solution of the insecticide was added to a 50-ml. 
beaker containing 0.5 ml. of phosphate buffer, 0.5 ml. of the microsomal 
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suspension, and 1 ml. of each of 3 cofactors. The frozen microsomal pellet 
had been resuspended in sucrose (to give 10 ml. of a suspension equivalent 
to 200 mg. of whole liver/ml. of solution) and kept in ice-water until 
added to the beaker. The phosphate buffer consisted of 72 ml. 6.7 x 10 ^M 
Na^HPO^ and 28 ml. 6.7 x 10 K^PO^; this mixture was adjusted to pH 7.4. 
-3 
The aqueous cofactor solutions were: 2.5 x 10 M NADH^ obtained from the 
-3 Sigma Chemical Company, Saint Louis, Missouri; 5 x 10 M nicotinamide; and 
7 x 10 magnesium chloride. 
This mixture, totaling 5 ml., was incubated aerobically at room tem­
perature (22-24°C.) for 30 minutes on a Burrell wrist-action shaker. The 
beaker contents were then transferred to a Pyrex test tube and the reaction 
stopped by heating in a boiling-water bath for 1 minute with rapid swirling 
of the tube. The contents were cooled by immersion of the tube in ice-
water and the tube stoppered and stored at about 5°C. A portion of this 
mixture was used in the manometric assay. 
Manometriç Assay 
The cholinesterase inhibiting activity of the insecticides, their P=0 
analogues, and the incubation mixtures were determined manometrically 
using a Warburg apparatus. The principle of this method is as follows. In 
a bicarbonate buffered solution that is in equilibrium with CO^, a ChE 
preparation hydrolyses acetylcholine (ACh) to choline and acetic acid. The 
acetic acid liberates an equivalent amount of CO^ from the buffer solution. 
This COg evolved is measured manometrically and, since it is equivalent to 
the amount of acetic acid produced, an estimation of the anti-ChE activity 
can be made when comparing it with the C0^ evolution from a flask containing 
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no inhibitor. 
The manometric assay was carried out at 37°C. To the side-arm of the 
Warburg reaction flask was added 0.3 ml. of 0.1M ACh iodide. To the main 
chamber was added 1 ml. of the ChE preparation, a 0.5 ml.-aliquot of the 
inhibitor solution, and 1.2 ml. of calcium-free Ringer bicarbonate buffer 
solution. The total volume in the flask was 3 ml. The aqueous bicarbonate 
buffer solution contained 1.5 x 10 NaCl, 2.5 x 10 NaHCO^, and 4 x 
10 NgClg. The pH was adjusted to approximately 7.4 by bubbling CO^ 
through the solution and then storing the solution in an air-tight container. 
The flasks were placed on the manometers and, with the stopcock and 
venting tubes open, the contents were gassed for 5 minutes with 5% CO^ in 
N^- Immediately following gassing, the stopcock and venting tubes were 
closed and the flasks equilibrated for 5 minutes. The zero time reading 
was taken and the ACh iodide tipped into the main chamber. The manometers 
were read again after 30 and 60 minutes. 
Two control flasks, without inhibitor, were included in each assay in 
duplicate. The inhibitor in one was replaced by an alcohol dilution 
equivalent to the highest concentration of the inhibitor used and in the 
other, it was replaced by water. The former flask was termed the alcohol 
blank and the latter flask, the water blank. In addition there were 3 
other control flasks: a thermobarometer containing 3 ml. of water; an 
enzyme control containing 1 ml. of ChE, 1.2 ml. of buffer, and 0.8 ml. of 
water; and a substrate control containing 0.3 ml. of ACh iodide in the 
side-arm, 1.2 ml. of buffer, and 1.5 ml. of water. An average of the 
enzyme and substrate controls was used for correction purposes. 
An assay series consisted of the following manometer-flask combina-
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tions: a thermobarometer; an enzyme control, a substrate control; a reac­
tion mixture for each of 5 or 6 inhibitor concentrations; duplicate water 
blanks ; and duplicate alcohol blanks. Each successive inhibitor concentra­
tion was half that of the preceding one. The inhibitor concentrations 
were selected so that the expected ChE inhibitions would distribute them­
selves about equally on either side of the 50% level. The concentrations 
of methyl parathion and Guthion used produced negligible inhibition when 
assayed directly with the ChE preparation. After correcting for thermal 
and barometric changes, the enzyme and substrate hydrolysis, and the alco­
hol blank, the 60-minute reading was compared to the average value of the 
water blanks and the observed per cent inhibition of the fly head ChE cal­
culated. From these data, regression lines were obtained by plotting the 
per cent inhibition values with the corresponding log^Q molar concentra­
tions of the inhibitor. These lines provided estimates of the slope and 
II_Q values (molar concentration of the inhibitor required to produce 50% 
inhibition of the ChE preparation). To obtain slope and values for the 
activation of the insecticide and degradation of their P=0 analogues, at 
least 2 assays were completed and average and slope values were com­
puted. Standard curves of the 2 thionophosphates and their oxygen ana­
logues were prepared by assaying aqueous dilutions of the stock solutions 
directly with fly head ChE. Regression lines were obtained as described 
above. For discussion purposes, the I Q^ values were converted to their 
corresponding pI^Q values (-log^ of the I ^  value). All concentrations 
cited are those which occur in the Warburg flask. 
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Nitrogen Determination 
The protein nitrogen content of the resuspended microsomal prepara­
tions was determined by a micro-Kjeldahl method (Yuen and Pollard 1953; 
Brerimer 1960). A 1-ml. sample of resuspended microsomes equivalent to 
200 mg. whole liver was placed in a Kjeldahl digestion flask and an equal 
volume of 10% aqueous trichloroacetic acid solution (w/v) was added to 
precipitate the protein. The precipitate was filtered through Whatman No. 
44 filter paper (5.5 cm.) using light suction. The flask was washed 3 
times with trichloroacetic acid and the washings also filtered. The filter 
paper with the precipitate were digested in the same flask with 1.7 ml. 
concentrated HgSO^ and 330 mg. of catalyst. The catalyst consisted of 
selenium metal, CuSO^.SHgO, and KgSO^ in a 1:1:8 ratio by weight. 
The ammonia in the sample was steam distilled into a 2% aqueous boric 
acid solution (w/v),"using a Hoskins apparatus, and titrated with a stan­
dard 0.01N H^SO^ solution. Duplicate determinations of each sample were 
made and an average value computed. Duplicate blanks containing 1 ml. of 
sucrose were run for correction. 
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RESULTS AND DISCUSSION 
General Comments 
The objective of these experiments was to compare the capacity of 
liver microsomal preparations from 8 animal species to activate methyl 
parathion and Guthion. The extent of these processes was determined by 
manometric assay of fly head ChE inhibition. However, it must be pointed 
out that only those ChE inhibitors present at the end of the incubation 
period were assayed. Several reactions may have occurred during incuba­
tion. These include the activation of the parent compound to a potent ChE 
inhibitor and degradation of this metabolite as well as that of the parent 
compound. Therefore, the manometric assay actually measured the summation 
of activation and degradation processes. The activation reported here can 
better be termed the net activation. For this reason the degradation of 
the oxygen analogues, methyl paraoxon and P=0 Guthion, by liver microsomes 
was also studied to discern the role of degradation in the observed activa­
tion picture. 
Murphy and DuBois (1957a) used fluoride ions to prevent degradation and 
therefore to distinguish between the activation of the parent compound to 
the P=0 analogue and the degradation of the P=0 compound. Since it was 
attempted to have a system comparable to that in the intact animal, this 
method was not used. 
NADHg was found to be a better cofactor in the activation of methyl 
parathion and Guthion than NADPH^- Dahm et al. (1962) reported that P=0 
Guthion was not altered by heating in boiling water for 1 minute followed 
by immediate cooling. . They also found that similar heating of the incuba-
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tion mixture stopped,enzymic activation of the organophosphates studied. 
It was found in my work that storage of the heated, and then cooled, in­
cubation mixture in an air-tight container caused no change in anti-ChE 
activity for at least 72 hours. This fact aided in the scheduling of the 
manometric assays. 
The pI^Q value of directly assayed methyl parathion was 3.57 and for 
methyl paraoxon was 7.46. The corresponding value for Guthion was 4.40 and 
for P=0 Guthion was 9.26. The per cent activation was calculated by the 
following formula: 
I Q^ value of directly assayed P=0 analogue 
x 100 
I Q^ value of incubated insecticide 
The per cent degradation was calculated by the following formula: 
^ _ I Q^ value of directly assayed P=0 analogue 
I Q^ value of incubated P=0 analogue 
x 100 
Comparative Activation of Methyl Parathion 
The comparative activation of methyl parathion and degradation of 
methyl paraoxon by liver microsomes from various animal species is summa­
rized in Table 1. The pI^Q values are included in the table. As cited in 
the Review of Literature, there is strong evidence that the active metabo­
lites of thionophosphate activation are the P=0 analogues. Therefore, for 
these studies it is assumed that the P=0 analogues are the active metabo­
lites. In the following discussion, reference to an animal's activation or 
degradation capacity implies the use of its liver microsomal preparation, 
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Table 1. Comparative activation of methyl parathion and degradation of 











1. Duck F 7.07 40.6 7.44 3.3 M 1. Cattle 
2. Rat M 7.01 35.7 7.43 8.7 F 2. Cattle 
3. Cattle M 6.89 26.7 7.37 18.4 F 3. Rat 
4. Mouse F 6.77 20.3 7.36 20.8 M 4. Chicken 
5. Duck M 6.68 16.5 7.36 21.1 F 5. Chicken 
6. Mouse M 6.64 15.2 7.33 26.2 M 6. Duck 
7. Chicken F 6.17 5.1 7.32 27.7 M 7. Hog 
8. Cattle F 6.10 4.3 7.23 41.7 M 8. Sheep 
9. Sheep M 5.73 1.9 7.22 42.9 F 9. Duck 
10 Rat F 5.68 1.6 7.16 49.7 F 10. Hog 
11 Hog F 5.66 1.6 7.15 51.1 M 11 Mouse 
12 . Guinea Pig M 5.52 1.2 7.14 52.1 M 12 . Rat 
13 . Hog M 5.36 0.8 7.10 56.1 F 13 . Mouse 
14 . Chicken M 5.34 0.8 6.96 68.5 M 14 . Guinea Pig 
15 . Guinea Pig F 5.20 0.6 6.91 72.0 F 15 . Guinea Pig 
16 . Sheep F 4.50 0.1 6.62 85.6 F 16 . Sheep 
32 
if it is not so stated. 
The microsomal enzyme system induced strong activation, _i..e. 15% or 
more, of methyl parathion in the following decreasing order: female duck, 
male rat, male cattle, female mouse, male duck, and male mouse. Signifi­
cant activation, JL.e. 4-5%, was evident for the female chicken and female 
cattle. A small amount of activation was demonstrable with preparations 
from the other animals ; the microsomal enzymes from the female sheep were an 
extremely poor converter of methyl parathion. The activation values varied 
from 40.6% for the female duck to 0.1% for the female sheep, illustrating 
the wide range found. The average activation was 10.8%. 
There were several rather marked sexual differences in activation. 
Based on per cent inhibition, the microsomes from the female rat and female 
sheep required 22 and 19 times more substrate, respectively, to form the 
same quantity of methyl paraoxon as their mates. The microsomal prepara­
tions from the male chicken and female cattle needed 6-fold more substrate, 
respectively, as their mates to form the same amount of P=0 analogue. 
Lesser sexual differences were noted for the duck, guinea pig, hog, and 
mouse. 
Degradation of methyl paraoxon ranged from 3.3% for the male cattle to 
85.6% for the female sheep. The average degradation was 40.4%. There were 
also notable sexual differences in degradation. The per cent microsomal 
degradation of methyl paraoxon was about 3 times greater in the male than 
the female rat. Smaller differences were similarly found for the cattle, 
sheep, and hogs. There were much smaller sexual differences for the re­
maining species. 
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The degradative ability of sheep microsomes was inversely related to 
the net activation. The lower degradation of methyl paraoxon by the male 
(41.7%) than the female (85.6%) corresponds to the higher activation ob­
served for the male. The reverse was true for the rat and the duck. The 
male rat and female duck activated methyl parathion and degraded methyl 
paraoxon to a greater extent than did their mates. A possible explanation 
for this difference was that the male rat and female duck had liver micro­
somes that possessed much stronger activating capacities than their mates 
despite their greater degradative capacities. 
Although both male and female cattle microsomes were low in their 
capacity to degrade methyl paraoxon, the female required 6-fold more sub­
strate than the male to produce the same amount of active metabolite. The 
male and female chicken microsomes degraded essentially the same amount of 
methyl parathion while the female required 6-fold more substrate than the 
male to produce the same amount of active metabolite. These differences 
indicated that the male cattle and female chicken were more effective acti­
vators of methyl parathion than their mates. 
Based on the degradation of methyl paraoxon there are 3 examples which 
strongly suggest the much greater activating capacities of microsomes from 
some species as compared to others. The male mouse and male rat degraded 
methyl paraoxon to about the same extent, yet the mouse activated 15.2% and 
the rat 35.7% of the methyl parathion. This was a 2-fold difference. De­
gradation of methyl parathion was similar between the male duck and male 
hog, but the duck activated 16.5% and the hog only 0.8%. The same could be 
said for the female duck and female hog. In this case, based on per cent 
inhibition, the hog required a 20-fold greater concentration of methyl 
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parathion to produce the same inhibition as the duck. A similar example 
was found between the female duck and -male sheep. Although they degraded 
similar amounts of the P=0 analogue, the sheep needed a concentration of 
methyl parathion 21-fold greater than the duck to achieve the same produc­
tion of active metabolite. 
Where degradation of the P=0 analogue cannot account for the sexual 
and species differences in activation, there are 3 other possible explana­
tions: (1) differences in the activity of the microsomal activating enzymes 
(activation capacity); (2) the presence in the microsomal preparation of 
naturally occurring inhibitors of the activation reaction; and (3) differ­
ences in the rate of degradation of the parent compound, methyl parathion. 
The first explanation is the most likely. Previous workers have cited 
the fact that species and sexual differences in the metabolism of foreign 
compounds by liver microsomes were due to differences in enzyme activity 
(Quinn et al. 1954 and 1958). The only reported case of endogenous enzyme 
inhibitors known to the author was cited by Axelrod (1955b). He reported 
that when rat liver microsomes (sex unstated) were added to those of the 
rabbit, the ability of the rabbit microsomes to deaminate the drug ampheta­
mine was suppressed. No information could be found in the literature on the 
microsomal hydrolysis of methyl parathion (or Guthion) and this possibility 
was not studied in this investigation. 
Comparative Activation of Guthion 
Table 2 summarizes the comparative activation of Guthion and degrada­
tion of P=0 Guthion. The pi^ values obtained are included in the table. 
Strong activation, 13% or more, was produced by the microsomes, in decreas-
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Table 2. Comparative activation of Guthion and degradation of P=0 Guthion 





degradation Sex Animal 
pI50 % pI50 % ' 
1. Sheep F 9.00 55.4 9.12 27.0 M 1. Chicken 
2. Cattle M 8.93 46.7 9.07 34.6 F 2. Sheep 
3. Sheep M 8.89 42.9 9.04 39.6 M 3. Duck 
4. Chicken F 8.87 40.7 9.01 43.7 M 4. Sheep 
5. Duck M 8.61 22.3 8.94 51.9 M 5. Hog 
6. Chicken M 8.58 21.1 8.82 63.4 M 6. Cattle 
7. Cattle F 8.47 16.2 8.64 76.0 F 7. Cattle 
8. Duck F 8.39 13.7 8.58 78.7 F 8. Duck 
9. Guinea Pig F 8.09 6.8 8.51 82.0 F 9. Chicken 
10. Rat M 7.73 3.0 8.49 83.0 F 10. Hog 
11. Guinea Pig M 7.65 2.5 8.28 89.5 F 11. Rat 
12. Mouse M 7.59 2.1 8.23 90.6 M 12. Rat 
13. Mouse F 7.55 1.9 8.02 94.2 M 13. Mouse 
14. Rat F 7.47 1.6 8.00 94.4 F 14. Guinea Pig 
15. Hog M 7.31 1.1 7.83 96.3 F 15. Mouse 
16. Hog F . 7.22 0.9 7.59 97.8 M 16. Guinea Pig 
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ing order, for the following animals : female sheep, male cattle, male 
sheep, female chicken, male duck, male chicken, female cattle, and female 
duck. The female guinea pig activated 6.8% of the Guthion while the re­
maining animals were poor activators. The average activation was 17.4%. 
There were several sexual differences observed also for Guthion 
activation. Female cattle and male guinea pig required a concentration of 
Guthion about 3-fold greater than their mates to attain the same production 
of active metabolite. Smaller sexual differences were found for the rat 
and chicken. 
The average degradation of P=0 Guthion was 71.4%. Degradation ranged 
from a low of 27.0% for the male chicken to a high of 97.8% for the male 
guinea pig. Rats, mice, and guinea pigs, all of the order Rodentia, were 
the highest degraders of P=0 Guthion. This was negatively correlated with 
their low activation of Guthion. An exception was female guinea pig micro­
somes which activated 6.8%. 
There were several sexual differences observed in the degradation of 
P=0 Guthion. Female chicken microsomes were over 3 times more effective 
than those from the male. Lesser differences were found for the duck and 
hog. The two sexes of the remaining species were very similar in degrada­
tive capacity. 
As was found with methyl parathion and methyl paraoxon, those animals 
with a high degradative capacity had a low net activation. Conversely, 
those animals with a high net activation had a relatively low degradative 
capacity. Exceptions were the microsomal enzymes from the male and female 
hog. Degradation of P=0 Guthion by male hog microsomes (51.9%) was con­
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siderably below the average of 71.4% and yet this preparation was the 
second poorest activator of Guthion. This was indicative of the poor 
activating ability of the liver microsomes from the male hog. These data 
show the importance of degradation in the overall activation picture. 
Some exceptions to these generalizations follow. Degradation by 
female cattle microsomes was a little greater than in the male and yet the 
female required about 3 times more Guthion than the male to produce the 
same amount of inhibitor. The per cent degradation of P=0 Guthion by the 
female chicken was 3-fold greater than the male and still the female required 
half the Guthion concentration to produce the same amount of metabolite as 
the mle. These differences must be due to a much greater activating 
system in the microsomes of the male cattle and the female chicken than in 
their mates. Where differences in activation could not be accounted for by 
degradation of the P=0 analogue, the differences must be due to variations 
in the activating enzyme capacity as described in the preceding section 
for methyl parathion activation. 
Comparison of Activation of Methyl Parathion and Guthion 
Both activation and degradation were more extensive for Guthion than 
for methyl parathion. The average activation for methyl parathion was 
10.8% (range 40.6-0.1%) while for Guthion it was 17.4% (range 55.4-0.9%). 
The average degradation of methyl paraoxon was 40.4%, with a range of 3.3 
to 85.6%, while the average degradation of P=0 Guthion was 71.4%, ranging 
from 27.0 to 97.8%. 
Table 7 in the Appendix presents the slope values of the regression 
lines obtained in these studies. It can be seen that these values are 
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considerably higher for Guthion and P=0 Guthion with high values for the 
rat, mouse, and guinea pig. The low values may indicate saturation of 
the enzyme by the substrate, or degradation of the metabolite by phosphat­
ases , or both. 
There were several very distinct differences between methyl parathion 
and Guthion activation. The following differences suggested the presence 
of microsomal enzymes specific for activation of methyl parathion or 
Guthion. Even though per cent degradation of both oxygen analogues were 
about the same, the microsomes from the male chicken activated only 0.8% of 
the methyl parathion but 21.1% of the Guthion. The female chicken was also 
a considerably more effective activator of Guthion (40.4%) than methyl para­
thion (5.1%) even though it degraded 82.0% of the P=0 Guthion and only 
21.1% of the methyl paraoxon. Both sexes of cattle activated much more 
Guthion than methyl parathion even though they degraded much more P=0 
Guthion than methyl paraoxon. 
There were also several differences for degradation of the oxygen 
analogues that suggested different microsomal phosphatases. The female 
sheep was the lowest activator of methyl parathion but the highest acti­
vator of Guthion. A comparison of this animal's degradation capacities 
showed that it was the highest degrader of methyl paraoxon but the second 
lowest degrader of P=0 Guthion. This was essentially true also for the 
male sheep. The liver microsomes from the female chicken were much more 
efficient degraders of P=0 Guthion than methyl paraoxon. 
Table 3 gives the comparative ratios of activation of methyl parathion 
to degradation of methyl paraoxon and activation of Guthion to degradation 
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Table 3. Comparative ratios of activation of methyl parathion to degrada­
tion of methyl paraoxon and activation of Guthion to degradation 
of P=0 Guthion by liver microsomes 
Animal Sex Methyl Parathion Guthion Sex Animal 
2 





1. Cattle M 798.5 160.4 F 1. Sheep 
2. Duck F 94.5 98.1 M 2. Sheep 
3. Rat M 68.4 79.1 M 3. Chicken 
4. Duck M 63.1 73.6 M 4. Cattle 
5. Cattle F 50.0 56.4 M 5. Duck 
6. Mouse F 36.2 • 49.6 F 6. Chicken 
7. Mouse M 29.8 21.3 F 7. Cattle 
8. Chicken F 24.1 17.3 F 8. Duck 
9. Rat F 8.9 7.2 F 9. Guinea P 
10. Sheep M 4.5 3.3 M 10. Rat 
11. Chicken _ M - 3.7 2.5 M 11. Guinea P 
12. Hog F 3.2 2.3 M 12. Mouse 
13. Hog M 2.8 2.2 M 13. Hog 
14. Guinea Pig M 1.7 2.0 F 14. Mouse 
15. Guinea Pig F 0.8 1.8 F 15. Rat 
16. Sheep F 0.1 1.1 F 16. Hog 
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of p=0 Guthion. These ratios were multiplied by 100 to give a clearer 
representation of the species and sexual differences. These ratios give 
the relationship between the net activation of the parent compound and the 
degradation of the oxygen analogue. High ratios indicate a low amount of 
degradation, a preponderance of activation, or both. Cattle illustrate the 
first situation with their low degradation of methyl paraoxon. The striking 
difference between the metabolism of methyl parathion and Guthion by micro­
somes from the female sheep is evident. The second situation is represent­
ed by the data for the male rat and female duck for methyl parathion and by 
the female and male cattle for Guthion. These animals have a comparatively 
high ratio despite their high degradation rate of the oxygen analogues. 
The ratio for male cattle was very high for methyl parathion. This 
was indicative of the high activation and very low degradation character­
istics of the microsomal enzymes. This ratio was over 8 times higher than 
for the female duck, the second highest ratio. Comparatively high ratios 
were also obtained from the data of the male rat, male duck, and female 
cattle. The ratios for the other animals were rather low. High ratios for 
Guthion were found for female and male sheep, male and female chicken, male 
cattle, and male duck. The ratios for the other animals were much lower. 
The mice exhibited high ratios for methyl parathion but very low ratios 
for Guthion. The opposite was true for sheep and chickens. The ratio for 
male cattle was almost 11 times higher for methyl parathion than for Guthion 
while female sheep had a ratio 1600-fold greater for Guthion. These exam­
ples indicate the wide divergence between the activation of these organo-
phosphates and the degradation of their P=0 analogues. 
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Table 4 presents a comparison of the sexes within a species and of 
the species in the activation of methyl parathion and Guthion to the de­
gradation of their respective P=0 analogues. Male cattle were more effec­
tive activators of both insecticides and also degraded less of their oxygen 
analogues than the females. The male guinea pig and male sheep were more 
efficient converters of methyl parathion and lower degraders of methyl 
paraoxon than were the females but the reverse was true for Guthion and 
P=0 Guthion. This sexual reversal between methyl parathion and Guthion 
was only noted with the guinea pig and sheep. The remaining animals were 
distinctly different from those cited above. It was evident that only for 
the rat was the female a lower degrader of methyl paraoxon than the male. 
The only animals that were consistent for the metabolism of both insecti­
cides and oxygen analogues were the cattle, rat, and chicken. 
Murphy and DuBois (1957a), while studying Guthion activation, mixed 
microsomes from the livers of male and female rats ; the resultant enzyme 
activity was equal to the sum of the individual activities of the 2 micro­
somal preparations. This finding was the basis for presenting the data in 
Table 5. This table presents the average per cent activation of the 
insecticides and degradation of their respective oxygen analogues. The per 
cent activation and degradation values from the sexes within a species were 
averaged to compare the species. 
The duck was the highest activator of methyl parathion followed by the 
rat, mouse, and cattle. Sheep were still the poorest activators. The very 
low degradative capacity of cattle for methyl paraoxon was evident. Since 
cattle did activate a considerable amount of the insecticide, they should 
be susceptible to methyl parathion poisoning based on these data. This 
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Table 4. Comparison of the species and the sexes within a species of the 
activation of methyl parathion to degradation of methyl paraoxon 
and the activation of Guthion to degradation of P=0 Guthion 





Higher . Lower 
activation degradation 
MF MF 
Cattle X X X X 
Guinea Pig X X X X 
Sheep X X X X 
Rat X X X X 
Chicken . X X X X 
Duck X X X X 
Mouse X X X X 
Hog X X X X 
Table 5. Comparison of activation of methyl parathion and Guthion and degradation of methyl para­
oxon and P=0 Guthion within species using average values for microsomes from the male 
and female and ranked in decreasing per cent activation 










1. Duck 28.6 34.6 49.2 39.2 1. Sheep 
2. Rat 18.6 35.2 31.4 69.7 2. Cattle 
3. Mouse 17.8 53.6 30.9 84.5 3. Chicken 
4. Cattle 15.5 6.0 18.0 59.2 4. Duck 
5. Chicken 2.9 21.0 4.6 96.1 5. Guinea Pig 
6. Guinea Pig 1.4 70.2 2.3 90.0 6. Rat 
7. Hog 1.2 38.7 2.0 95.2 7. Mouse 
8. Sheep 1.0 63.6 1.0 67.4 8. Hog 
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should also be true for the duck, rat, and mouse. Conversely, guinea pigs, 
hogs, and sheep should be resistant to poisoning because of their poor net 
activation and high degradation of methyl parathion and methyl paraoxon, 
respectively. Hogs and chickens were very poor activators and also poor 
degraders, the former fact should render them fairly resistant to poisoning. 
In contrast with methyl parathion as mentioned above, sheep are very 
powerful activators of Guthion. They also had the lowest ability to degrade 
P=0 Guthion. These factors together should make them very susceptible to 
Guthion poisoning even though they should be resistant to poisoning by 
methyl parathion. Surprisingly, cattle and chickens showed high net acti­
vation of Guthion despite their high capacity to degrade P=0 Guthion. The 
activating system must be considerably stronger than that of the degrading 
system. Based on net activation data, sheep, cattle, chickens, and ducks 
should be susceptible, in that order, to poisoning by Guthion. Conversely, 
guinea pigs, rats, hogs, and mice should be resistant to Guthion poisoning 
for the same reasons as described above for methyl parathion. 
Despite the high degradation of the P=0 analogues, high net activation 
was observed for both methyl parathion (e. g. male rat and female mouse) 
and Guthion (e. g. female chicken and male cattle). This suggests that the 
parent compound may be more resistant to degradation than the corresponding 
oxygen analogue. Heath (1961) stated that, unlike the parent compound, the 
product of thionophosphate activation was often rapidly attacked by A-
esterases (phosphatases). He reported also that paraoxon was more readily 
hydrolyzed than parathion. The change from P=S to P=0 does render the 
phosphorus atom more electrophilic and thus more subject to non-enzymatic 
hydrolysis. 
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Activation and Degradation in Relation to Acute Toxicity 
There are very little acute toxicity data in the literature pertaining 
to methyl parathion and Guthion. Information was conspicuously absent for 
the former insecticide despite the enormity of data for its ethyl homo­
logue , parathion. Table 6 summarizes the acute toxicity of several organo-
phosphorus insecticides for mice, rats, and guinea pigs. Data were not 
available for the other animals used in this thesis research problem. Data 
for EPN, a phosphonate, and the thionophosphates Diazinon and parathion are 
included for comparison. Parathion was included because of its structural 
similarity to methyl parathion; however, the data for parathion cannot be 
applied to methyl parathion. 
Except for Guthion and paraoxon, there were distinct sexual differ­
ences in toxicity by oral administration for all the compounds in Table 6. 
The report by Davison (1955) that female rats activated 10 times more para­
thion than males was supported by the toxicity data of Gaines (1960) that 
the female was 4-fold more susceptible to poisoning than was the male. The 
absence of a sexual difference in toxicity of paraoxon to rats (DuBois et 
al. 1949) indicated that the sexual difference in parathion poisoning was 
due to the female's more potent activating capacity. My research indicates 
that microsomes from male rats were much more effective activators of 
methyl parathion than those from females. This was supported by the oral 
toxicity data in Table 6 where the male rat was almost twice as susceptible 
to acute poisoning as the female. The acute oral toxicity of parathion and 
methyl parathion were about the same for the male rat (Gaines 1960) . The 
female rat, however, was almost 7 times more susceptible to parathion than 
to methyl parathion. I found the female rat to be a poor activator of 
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Table 6. Acute toxicity of organophosphorus insecticides to animals 
expressed as the LD^Q in mg./kg. of body weight 
Administration route 
Insecticide Animal Sex Oral Dermal Intraperitoneal Reference 
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Gaines (1960); used adult Sherman-strain rats. 
^DuBois et al. (1949); used adult Sprague-Dawley rats and Carworth mice. 
DuBois et àl. (1957); used the same animals as listed in footnote 2. 
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methyl parathion in contrast to the strong activation of parathion by the 
female reported by Davison (1955). My research showed that the female rat 
was a much lower degrader of methyl paraoxon than was the male. This indi­
cated that the sexual difference in net activation was due to a low activa­
tion capacity and not to a high degradation ability. There are some 
puzzling and unexplained differences between the toxicities of parathion 
and methyl parathion to female rats and the _in vitro activation of these 
insecticides by female rat liver microsomes. 
Another striking difference was that of acute dermal toxicity. The 
sexual difference for rats was present with parathion but was absent with 
methyl parathion. Both the male and female rat were considerably more 
resistant to methyl parathion than parathion by dermal administration. The 
male rat was more susceptible than the female to schradan and methyl para­
thion, in contrast to sexual differences with EPN, Diazinon, and parathion. 
EPN, Diazinon, and parathion showed corresponding sexual differences in 
toxicity to rats by the dermal route. The rat showed no sexual difference 
to methyl parathion by dermal administration. 
Guthion was slightly more toxic to the female than to the male rat by 
oral administration (Gaines 1960). My research showed that the male rat 
was a slightly better activator of Guthion (3.0%) than the female (1.6%). 
This slight disagreement between activation and toxicity may be attribut­
able to experimental and animal strain variations. By intraperitoneal ad­
ministration, the female mouse was slightly more susceptible to Guthion 
than was the male. Reference to Table 2 shows that activation of Guthion 
by the male mouse was only 0.3% greater than the female. This small dis­
crepancy between activation and toxicity may be due to the same reasons as 
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described above for the rat. Rats, mice, and guinea pigs, and especially 
the male guinea pig, were very high degraders of P=0 Guthion (Table 2). 
This fact may partially explain the greater resistance of the male guinea 
pig to Guthion than mice or rats. These toxicity data encompass the whole 
animal, however, whereas the work reported here only included the liver 
microsomes. Degradative processes of the whole animal are no doubt more 
extensive than in the liver microsomal system employed in these studies. 
Marhold and Cizek (1957) report oral toxicity data of parathion and 
paraoxon to rats (Wistar strain) that contrast with that of DuBois et al. 
(1949) in Table 6. They report the oral LD^Q, in mg./kg. of body weight, 
of parathion and paraoxon for the male rat to be 5.4 and 11.3, respective­
ly, in contrast to 15 and 3.5, respectively, cited by DuBois. This indi­
cates that the P=0 analogue is much less toxic to the Wistar strain rat 
than to the Sprague-Dawley strain rat. This variation in toxicity shows 
the extent of strain variation. Marhold and Cizek (1957) report the oral 
LD^Q of methyl parathion and methyl paraoxon for the male rat to be 4.8 and 
8.6 mg./kg., respectively. 
Activation and Degradation Based on Protein Nitrogen 
The protein nitrogen content of the microsomal preparations can be 
found in the Appendix in Table 8. The average value for the male animals 
was 285.1 jig. of protein nitrogen and for the female animals was 308.5 jig. 
The protein nitrogen content varied from 424.7 jig. for the male cattle to 
210.8 jag. for the male guinea pig. The results of the activation and de­
gradation studies were reported on the basis of the microsomal preparations 
described under Materials and Methods. It was decided to use these results 
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rather than converting them to a protein nitrogen basis for the following 
reason. The results expressed on a protein nitrogen basis would be a 
measure of the activity of the microsomes and not of the liver cells. This 
would not account for differences in activity from animal to animal due to 
variations in microsomal content. For a comparative study such as this one, 
the expression of activity on a liver basis therefore was more suitable. 
The results presented in Tables 1 and 2 were converted to a protein 
nitrogen basis for comparison purposes and may be found in Tables 9 and 
10 in the Appendix. This conversion does cause changes in the order to 
some degree but does not seriously alter the overall results. The ratios 
of net activation to degradation on a protein nitrogen basis were, of 
course, the same as in Table 3. 
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SUMMARY AND CONCLUSIONS 
The comparative net activation of the organophosphorus insecticides 
methyl parathion and Guthion, and degradation of their respective oxygen 
analogues, methyl paraoxon and P=0 Guthion, by liver microsomes from the 
following 8 animal species were studied: rats, mice, guinea pigs, chickens, 
ducks, cattle, hogs, and sheep. Differences between the sexes within a 
species, as well as between the species, were examined. The P=0 oxygen 
analogues are presumed to be identical to the active metabolites of the 
activation reaction. The extent of activation and degradation, after a 
30-minute incubation period with microsomes and suitable cofactors, was 
estimated manometrically by the inhibition of fly head ChE. 
The microsomal enzyme systems of these animals induced strong activa­
tion of methyl parathion in the following decreasing order: female duck, 
male rat, male cattle, female mouse, male duck, and male mouse. Lesser 
amounts of activation were demonstrable for the remaining species. The 
activation varied from 40.6% for the female duck to 0.1% for the female 
sheep; the average was 10.8%. There were several marked sexual differ­
ences in activation. The most striking was with the rat. Lesser differ­
ences were observed for the chicken, cattle, and duck. 
Degradation of methyl paraoxon ranged from 3.3% for male cattle to 
85.6% for female sheep; the average was 40.4%. Sexual differences were 
again found; the greatest difference was found for the rat and smaller 
differences for the cattle, sheep, and hog. 
Strong activation of Guthion was produced by liver microsomes from 
the following animals in decreasing order: female sheep, male cattle, male 
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sheep, female chicken, male duck, male chicken, female cattle, and female 
duck. Activation averaged 17.4%, ranging from 55.4% for the female sheep 
to 0.9% for the female hog. Sexual differences in activation were not as 
great as with methyl parathion. The largest difference was observed for 
cattle and lesser differences for the guinea pig, chicken, and rat. 
Degradation of P=0 Guthion averaged 71.4%, ranging from a low of 27% 
for the male chicken to 97.8% for the male guinea pig. Sexual differences 
in degradation were discernable for the chicken, duck, and hog. 
Activation and degradation were both more extensive for Guthion than 
for methyl parathion. In general, those animals with a high degradative 
capacity had a low net activation. This was evident with methyl parathion 
for the guinea pig and female sheep while for Guthion this, was apparent for 
the guinea pig, mouse, and rat. Conversely, those animals with a high net 
activation usually had a low degradative ability. This was demonstrated 
by the cattle and duck for methyl parathion and by the sheep and the male 
chicken for Guthion. 
The microsomal degradation of the oxygen analogues was very important 
in evaluating the net activation picture. This was indicated by the ratios 
of net activation to degradation which for the majority of cases were very 
low. Where activation and degradation were both higher in 1 sex than the 
other, it was concluded that the high net activation was due to a powerful 
activating system which overshadowed that of degradation. This was ob­
served, with the male rat, female duck, and male cattle for methyl parathion 
and with the female chicken for Guthion. When 2 sexes of different species 
had a similar degradation capacity but different net activation, the higher 
activation was inferred to be a result of a greater activating capacity. 
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Sharp differences in net activation of the 2 insecticides by liver 
microsomes were found. The mouse and male rat, although high activators 
of methyl parathion, were low converters of Guthion. The opposite was 
true for the chicken and the sheep. Thé duck and cattle were strong acti­
vators whereas the hog and guinea pig were poor converters of both insecti­
cides. It was concluded that there were separate enzymes for the activa­
tion of methyl parathion and Guthion and that their concentrations in the 
microsomal preparations varied. It was also inferred that there were phos­
phatases that were specific for each oxygen analogue as indicated by the 
data for liver microsomal preparations from the cattle, sheep, chicken, rat, 
and mouse. 
The species were compared by averaging the per cent activation by both 
sexes. The duck was the highest activator of methyl parathion followed by 
the rat, mouse, cattle, chicken, guinea pig, hog, and sheep. The most ef­
ficient converter of Guthion was the sheep followed by the cattle, chicken, 
duck, guinea pig, rat, mouse, and hog. 
On the basis of these microsomal studies, it was concluded that the 
duck, rat, mouse, and cattle might be more susceptible to methyl parathion 
poisoning than the other animals studied. For Guthion, the sheep, cattle, 
chicken, and duck might be the most susceptible species. 
The male rat was a much more efficient activator of methyl parathion 
than was the female which was in contrast to the jLn vitro data of Davison 
(1955) for parathion. This difference in activation of methyl parathion 
and parathion by female rats was supported by the acute oral toxicity data 
of Gaines (1960). 
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Table 7. Average slopes of the regression lines for the activation of 
methyl parathion and Guthion and degradation of methyl paraoxon 
and P=0 Guthion 
Slopes of regression lines 
Methyl Methyl P=0 
parathion paraoxon Guthion Guthion 
Animal Sex activation degradation activation degradation 
Standard - 0.57 1.22 0.61 1.32 
Cattle M 0.44 1.08 1.15 1.11 
F 0.84 1.25 1.56 1.35 
Sheep M 0.37 1.61 1.21 1.35 
F 0.38 0.79 0.96 1.27 
Hog M 1.02 1.52 0.98 1.25 
F 1.00 1.64 1.02 2.64 
Chicken M 0.50 0.88 0.72 1.03 
F 1.11 1.25 1.16 1.12 
Duck M 0.46 1.35 1.16 1.30 
F 0.87 1.30 1.21 1.21 
Rat M 1.59 1.92 4.00 4.76 
F 0.68 1.37 1.76 2.64 
Mouse M 0.84 1.76 4.00 2.70 
F 1.00 1.70 3.71 4.00 
Guinea Pig M 0.95 1.89 2.94 3.34 
F 1.02 2.78 1.82 2.00 
Average M 0.77 1.50 2.20 2.10 
F 0.86 1.51 1.65 2.03 
The slopes were calculated as 
pI20"pI80 
65 
Table 8. Protein nitrogen content of the microsomal suspensions expressed 
as >ig. protein N/0.5 ml. suspension (100 mg. equivalent of 
whole liver) 
/ig. Protein N/ 
Animal Sex 0.5 ml. sample 
Cattle M 424.7 
F 310.8 
Sheep M 349.4 
F 342.6 
Hog M 290.0 
F 365.7 
Chicken M 222.7 
F 333.3 
Duck M 212.2 
F 320.9 
Rat M 283.5 
F 225.3 
Mouse M 287.8 
F 303.2 
Guinea Pig M 210.8 
F 266.0 
Average M 285.1 
F 308.5 
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Table 9. Comparative activation of methyl parathion and degradation of 











1 .  Duck F 12.6 0.8 M 1 .  Cattle 
2. Rat M 12.6 2.8 F 2. Cattle 
3. Duck M 7.8 6.3 F 3. Chicken 
4. Mouse F 6.7 8.1 F 4. Rat 
5. Cattle M 6.3 9.3 M 5. Chicken 
6. Mouse M 5.3 9.6 M 6.  Hog 
7. Chicken F 1.5 11.9 M 7. Sheep 
8. Cattle F 1.5 12.3 M 8. Duck 
9. Rat F 0.7 13.4 F 9. Duck 
10. Guinea Pig M 0.6 13.6 F 10 Hog 
11. Sheep M 0.5 17.8 M 11 Mouse 
12. Hog F 0.4 18.4 M 12 Rat 
13. Chicken M 0.3 18.5 F 13 . Mouse 
14. Hog M 0.3 25.0 F 14 . Sheep 
15. Guinea Pig F 0.2 27.1 F 15 . Guinea Pig 
16. Sheep F 0.03 33.9 M 16 . Guinea Pig 
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Table 10. Comparative activation of Guthion and degradation of P=0 









1. Sheep F 16.2 10.1 F 1. Sheep 
2. Sheep M 12.3 12.1 M 2. Chicken 
3. Chicken F 12.2 12.5 M 3. Sheep 
4. Cattle M 11.0 14.9 M 4. Cattle 
5. Duck M 10.5 17.9 M 5. Hog 
6. Chicken M 9.5 18.6 M 6. Duck 
7. Cattle F 5.2 22.7 F 7. Hog 
8. Duck F 4.3 24.4 F 8. Cattle 
9. Guinea Pig F 2.6 24.5 F 9. Duck 
10. Guinea Pig M 1.2 24.6 F 10 Chicken. 
11. Rat M 1.1 31.7 F 11 Mouse 
12. Mouse M 0.7 32.0 M 12 . Rat 
13. Rat F 0.7 32.7 M 13 . Mouse 
14. Mouse F 0.6 35.5 F 14 . Guinea Pig 
15. Hog M 0.4 39.7 F 15 . Rat 
16. Hog F 0.3 48.5 M 16 . Guinea Pig 
